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Abstract 
This thesis presents the synthesis of terminal alkynes from f^-iodoalkenes using 
a novel route via ^-elimination. The introduction reviews some of the most popular 
currently used methods for alkyne synthesis, with a mechanistic overview and an 
evaluation of the scope of their use and their limitations. An efficient method to convert 
(2^-iodoalkenes using a mild base, tetrabutyl ammonium fluoride (TBAF), is then 
described. Several f^-iodoalkene derivatives were prepared from the corresponding 
aldehyde under standard Wittig conditions. The methodology has been successfully 
applied for the synthesis of several aromatic acetylenes in good to excellent yields. 
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I. Introduction 
1.1 Preamble 
Alkynes are hydrocarbons with a carbon-carbon triple bond with the general 
formula C„H2n-2- Each of the carbon atoms bonded by the triple bond is linearly 
hybridized. They are sp hybridized using one 2s and one 2p atomic orbital to produce two 
sp hybrid orbitals. Each of the remaining 2p orbitals are perpendicular to each other and 
thus can overlap with two p orbitals of the other carbon to form two Et bonds. 
Figure 1. sp hybridization of alkynes 
The natural occurrence of alkynes is rare. Perhaps the most important of these are 
the enediynes that contain two triple bonds separated by a double bond. These have been 
isolated in the 1980's in large volume culture from several unrelated bacteria. Research 
has found that these enediynes are very effective antitumor antibiotics. Among these is 
Dynemycin A, one of the most potent antitumor agents known.1 
Figure 2. Dynemycin A 
1 
Other natural products with a (Z)-3-hexen-l,5-diyne moiety, such as 
calicheamicin, esperamicin, kedarcidin, and C-1027 have excellent DNA-cleaving ability. 
These enediynes recognize and bind to DNA by a specific structural feature, such as the 
quinone moiety in dynemicins, which then activates them towards Bergman cyclization. 
This gives the 1,4-dehydroarene diradicals which are then capable of the abstraction of 
hydrogen from DNA, cleaving it and inflicting permanent damage on the genetic 
material. 
Scheme 1. 
triggering Ri 
R2 
n 
Bergman R 1 ^ ^ R 3 DNA R l ^ W R 3
 + 
cyclization
 R  o ^ \ £ ^ 2 i ^4 
diradical 
|| | f DNA 
R y ^ f ^ R damage 
Oligomers such as polyynes, polyacetylenes (PAs), polydiacetylenes (PDAs), 
polytriacetylenes (PTAs) have extended II -electron systems that allow them to be used 
as optical materials. 
Figure 3. Zso-polydiacetylenes 
H 3 C — ' C H 3 
2 
Scheme 2. 
Et,sr 
TBAF.wetTHF, r.t. 
^SiMe-, 
[Pd(PPh3)4], Cul, /PrNH, THF, reflux, 12h 
EUSr ^OTf 
Et3Si SiEU Et,Si 
The carbon-carbon triple bond also plays a significant role in the cross-conjugated 
enyne framework of wo-polydiacetylenes (wo-PDAs) which is a semi-conducting 
material.3 
1.2 Synthesis of Alkynes 
The synthesis of the carbon-carbon triple bond is a major synthetic challenge. 
There are a number of methods that have been described to synthesize alkynes with a 
terminal or an internal triple bond. 
Commonly, the strategy that has been used involves the use of phosphorus 
reagents in two-steps: one carbon chain elongation of a carbonyl function by a Wittig (or 
its modified Horner-Wadsworth-Emmons version) and an elimination reaction. 
The selection of the base remains a major challenging aspect of the elimination 
part of the reaction. Because of the continuous need to tailor the use of the base to the 
substrate used and minimize formation of unfavorable side reactions, there has been a 
continuous search for new bases. The continuous discovery of these new bases has 
3 
broadened the scope of the methodology immensely. The novel bases facilitate the 
elimination reactions (or the rearrangement process) that eventually yield the alkyne.4 
1.2.1 Corey-Fuchs Reaction 
The Corey-Fuchs reaction is perhaps the most popular approach to synthesize 
terminal alkynes. It involves the dehydrobromination of gem-dibromoalkenes. The latter 
are synthesized by treatment of aldehydes with CBr4/PPri3 to generate the gem-
dibromoalkenes, which are then reacted with «-BuLi or LDA yielding the alkyne 
(Scheme 3).5 
Scheme 3. 
0 CBr4 
PPh3 R^ 
an. 
f 
H 
.an<>/„ 
n-BuLi or LDA 
R — = - • l-l 
r\ n 
80-95% 
A drawback of this methodology has been that the reaction medium is always 
contaminated by the dibromotriphenylphosphine generated in situ, which is a strong 
electrophile as well as a brominating agent and hence probably leads to unfavorable side 
reactions (Scheme 4). This is overcome either by the addition of metallic zinc prior to the 
aldehyde addition5 or by the addition of triethylamine.6 Another drawback is the 
formation of triphenylphosphine oxide which is difficult to remove, especially on large 
scale. Alternatively, another route to the gem-dihaloalkene is using 
hexamethylphosphorous triamide (HMPT) and bromotrichloromethane.7 
The two step methodology allows the preparation of alkynes by one-carbon 
homologation of an aldehyde. The first step involves a Wittig-like reaction where the 
phosphorus ylide is formed from a dibromocarbene which is generated from the reaction 
of the triphenylphosphine with the carbon tetrabromide.8 
4 
Scheme 4. 
Br3CrBr V 
:PPh, 
OjPPh3 
R - 7 V - B r 
H Br 
O PPh3 
Wl ^ B r 
R Br 
B r \ ^ B r 
J f + 0=PPh3 
R H 
Br" 
Ph3P-Br- B r ^ - P P h 3 
Br 
-Br , 
Brv 
" ) = P P h 3 
Br 
The mechanistic pathway for the conversion of the ge/rc-dibromoalkene to the 
alkyne is, however, ambiguous (Scheme 5). One proposal is that the reaction proceeds via 
P-elimination. Alternatively, the dibromide could undergo a-elimination with the 
formation of a carbene intermediate which then undergoes a 1,2-shift, or a Fritsch-
Buttenberg-Wiechell (FBW) rearrangement (Section 1.2.4) to give the alkyne.2 
Scheme 5. 
L ' ^ - B r 
R ^ H 
a-elimination 
*-
-LiBr 1,2 shift 
B r ^ ^ B r 
R ^ H 
M-X 
exchange 
-H 
^V Li p-elimination 
». 
-HBr 
aqueous 
work-up 
-Li 
5 
A recent study evaluates the most likely pathway.2 Results show that the pathway 
probably involves the a- rather than the p-elimination. Experimental evidence includes 
deuterium labeling which gives a predominance of the product from the a-elimination 
pathway (54.5%) versus the P-elimination pathway (45.5%), which still takes place in a 
substantial amount, suggesting that both pathways might be occurring. Also, the addition 
of an external electrophile, TMSC1, which would have been incorporated into the 
product, had there been P-elimination involved, was not observed. This is not substantial 
evidence, however, since TMSC1 has been trapped as an electrophile on a different 
alkylidine dibromide9 and other electrophiles, such as ClCChMe10, have been trapped as 
an electrophile with the same dibromide used in the study. So the actual mechanistic 
details still remain somewhat ambiguous. 
Scheme 6. 
1,2 shift 
MeO' 
n-BuLi, 
n-hexane, 
TMSCI 
-78°C to r.t. 
MeO' MeO 
MeO' 
•LiCI 
MeO 
TMS 
not 
formed 
Scheme 7. 
MeO 
CBr4, Ph3P, Zn 
CH2CI2, 0°C, 2 h MeO 
n-BuLi, n-hexane 
-78°C to r.t. 
60%, 92.3% D 
MeO 
70%, 50.3% D 
The Corey-Fuchs protocol has been widely used for the synthesis of terminal 
6 
alkynes. The applications of the reaction are numerous. Diedrich uses this methodology 
to construct tetraethynylethene frameworks (Scheme 8).11 Chiral alkinylogous amino 
acids from Boc-protected a-amino aldehydes that have been derived from the 
corresponding S-amino acid have been stereospecifically synthesized using the Corey-
Fuchs reaction (Scheme 9). The dibromides obtained were enantiomerically pure hence 
yielding the amino acids with high ee's (> 99%). 
Scheme 8. 
Ph Me3Si 
1. LDA, Et20, -78°C 
2. TMSCI, 20°C 
MeOH, K2C03 
SiMe3 
Scheme 9. 
Bi \ 
^ N ^ / f t v (Boc)20 BocHN O CBr4, Zn, PPh3 BocHN )>—Br 
A Ff H 0°C,24h pf 
(R= Me, Et, ;'Pr, /Bu) (i)BuLi, 1h, -78°C to-55°C 
(ii) C02, 2h, rt 
H2N 
CF3COOH, CH2CI2 BocHN 
-COOH 1h, 22°C 
-COOH 
36-96 % 
It has also been used in the total synthesis of various natural products containing 
alkynes such as in that of olivine alkyne (Scheme 10)13 and in the total synthesis of a 
dynemycin analogue (Scheme ll) .1 Corey-Fuchs conditions have also been used to 
synthesize first-generation dendrimeric alkynes as well as the second and third generation 
7 
C12 chains (Scheme 12). Similar approaches have been applied to second and third 
generation C12 chains.14 
Scheme 10 
Me 
OMe 0 -V M e 
* ,0 
Br 
olivine 
OTBS Me 
-Br Me 
OMe 0 -V M e 
Me 
OMe 0 -V M e 
OHC y ^ ^ A 
^ OTBS Me 
Me 
o-VMe 
0 Me 
Scheme 11 
OSiMeofBu 
SiMe3 
=> PhO N 
OAc 
8 
Scheme 12. 
[Gx]-
OH PDC 
CH2CI2, 20°C 
[Gx JT 
x = 1 ; 75% 
x = 2; 79% 
x = 3;100% 
Br 
CBr4,PPh3 
CH2CI2, 0 -20°C 
-Br 
[Gx]-
LDA 
THF, -78°C 
x=1;96% 
x = 2; 78% 
x = 3; 93% 
[ O f ] — ^ 
x=1;75% 
x = 2; 75% 
x = 3; 58% 
[G1] = 
[G2]» 
0-0 
^ 
Q 
P-
[G3]: 
Figure 4. sp Carbon chain protected with Frechet's aliphatic polyether dendrimers 
Cn, 
Q~° 
/ > - & 
9 
1.2.2 Elimination reactions from phosphorus ylides 
A similar approach to the Corey-Fuchs reaction involves reacting aldehydes with 
various phosphorus ylides to generate haloolefins, which can then be treated with a base 
to generate the alkyne. A range of different phosphorus ylides have been reported to 
synthesize terminal as well as internal alkynes, the most common of which are discussed 
below. 
1.2.2.1 From halomethylenetriphenylphosphorane 
The (chloromethylene) triphenylphosphorane has frequently been used for the 
conversion of aldehydes into homologous alkynes via the corresponding chloroolefins. 
Several methods for the synthesis of the salt have been reported.4 A mixture of the E- and 
Z- isomers of the chloroolefins are synthesized from the aldehydes via a Wittig reaction. 
Subsequent dehydrochlorination has been achieved using a wide variety of bases which 
may or may not be the same base used to generate the ylide. It can be done either in one-
pot by treatment with excess base or in two steps.4 An example of such an alkyne 
synthesis is shown in Scheme 13.15 
Scheme 13. 
87% 
Terminal alkynes can similarly be synthesized from the chloro- and the bromo-
methylene triphenylphosphorane.4 
10 
1.2.2.2 From a-halogenated methylphosphonates 
a-Halogenated methylphosphonates can be used in the synthesis of mono- or 
dihaloalkenes which subsequently yield the alkyne upon treatment of the base. For 
diethyl trichloromethylphosphonate, «-BuLi is used to lithiate the a-position. The 
carbanion is then mixed with the aldehyde to yield the ge/w-dichloroalkenes in good-to 
excellent yields (75-97%) which upon treatment with rc-BuLi would yield the alkyne.16 
Scheme 14. 
?' nRuli ?' R1-CHO P 2eq.n-BuLi 
(OEt)2P-C-CI " ' B u L l . (OEt)2P-C-CI . R,HC=< 
6 CI Et20,THF 6 Li -100°C-r.t CI -78°C-r.t. 
-100°C Et20,THF 
H30+ 
Ri = Li 
R1 — H 
R2-X 
Rr 
1.2.3 Using diazo compounds 
Because of the drawbacks of the Corey-Fuchs and other elimination reactions, 
namely the fact that they involve two steps with the dihalo intermediate requiring 
isolation and purification, and that they all require the use of strong bases such as n-BuLi 
or LDA, a one-pot transformation of aldehydes to alkynes is much desired. A very 
common approach uses diazo compounds. 
One common such compound is the dimethyldiazomethylphosphonate (DAMP) 
reagent, known as the Seyferth-Gilbert reagent. 
11 
Scheme 15. 
9, 
H^.P(OMe)2 I 
II 
N" 
DAMP 
(i) n-BuLi or f-BuOK, -78°C 
(ii) ArCOR' 
R Z = R' 
50-80 % 
The reaction is allowed to stir at -78°C for 12-14 hours before warming to room 
temperature to allow the reaction to occur for substrates containing an enolizable proton 
or a,(3-unsaturation, in a modified Colvin and Hamill procedure.17 
Possible mechanisms that have been proposed for the transformation involve a 
Horner-Wadsworth-Emmons-type reaction, followed by loss of nitrogen then 
rearrangement of the resulting alkenylidenecarbene into the alkyne. 
Scheme 16. 
18 
9 > 
MeO-Pv^H 
MeO T N* 
I I 
N" 
R 
O'Bu 
Ar 
) = C - N = N 
N, 
O 
MeO-Pv.-
MeO Tl N* 
II 
N" 
A r " ^ R 
O 
MeO-P-O" 
OMe 
Ar 
^)=C=N+=N-
O / O 
D T A 
M e O - P T ^ R 
MeO l Ar N* 
M 
MeO-R 
MeO 
Q A R 
W 
N" 
Ar 
Ar >T9-
R — Ar 
12 
This reagent has often been employed in the synthesis of natural products 
containing alkynes such as immunosuppressive agents, antibiotics, selective inhibitors of 
GAB A transaminase, cytotoxic agents, natural toxins and others. 
In spite of the efficiency of this method in alkyne synthesis, its disadvantages are 
that the DAMP reagent has to be synthesized in several steps and is not commercially 
available. One way of synthesizing the reagent is as shown in Scheme 17. 
Scheme 17. 
(MeO)2P-CH3 + F 3C 
ii 
O 
o A CF, 
H,0 (MeO)2P-CH2-C-CF3 
O ° 
1.n-BuLi, -78°C, THF 
2. H30+ 
Et3N, 0°C, MeCN 
p-TsN3 
OH 
(MeO)2P-CH2-(-CF3 
OH ll O 
(MeO)2P-C=N2 
ll H 
O 
50% 
The reagent has poor stability, and hence the need of the prolonged maintenance 
of the low temperature. Also strong bases such as H-BuLi or potassium tert-butoxide have 
to be used. 
A modification of this procedure involves the use of the reagent dimethyl-1-
diazo-2-oxopropylphosphonate (Ohira reagent) which also has to be synthesized in one 
step by the reaction of dimethyl-2-oxopropylphosphonate by diazo transfer with p-
toluenesulfonylazide.20a 
Scheme 18. 
0
 o 
vo 
/ 
NaH 
+ Tos-N3 
20°C, C6H6/THF 
0
 °, n K 
N2 / 
91% 
13 
The advantage of using this reagent is that it involves the use of potassium 
carbonate as a base, avoiding the use of «-BuLi and LDA and hence increasing the 
substrate scope and functional groups that can be tolerated.20b 
Scheme 19. 
O 
N+ / 
n 
N" 
K2C03, MeOH 
r.t., 4-16 h 
R—== 
70 - 97% 
The reaction has been reported to work well with aryl- and alkyl-substituted 
aldehydes and does not require low temperatures and inert gas techniques. 
In order to avoid the prior synthesis of the diazo reagents, the in situ generation of 
the Ohira reagent has been reported. To the commercially available dimethyl-2-
oxopropylphosphonate is added p-toluenesulfonyl azide to allow diazotation to take place 
in situ and subsequently yield the alkyne in one pot. 
Scheme 20. 
O O 
11 * • ' < 
N o 
/ 
1. p-TsN3, K2C03, CH3CN, r.t., 2h R-
2. RCHO, MeOH, r.t., 8h 65 - 89 % 
Reports have shown the yields of this protocol to be 65-89% which is lower than 
when the two step protocol is applied. 
Advantages of this protocol are that the reaction works well with aryl- and alkyl-
substituted aldehydes and that various functional groups, such as acetals and non-
conjugated double bonds, can be tolerated because of the use of potassium carbonate as 
base. However, the reaction involves a two-step protocol with the need to generate the 
reagent beforehand. In spite of the fact that the reaction would work if the reagent was 
generated in situ, the lower yields limit it from being used in cases when yield is highly 
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desired such as in multistep synthesis. The protocol also involves the use of azides, which 
can be explosive and are very toxic. This restricts the possible application of the reaction 
on a large scale (e.g. industrial application). 
1.2.4 Fritsch-Buttenberg-Wiechell (FBW) 
Apart from elimination reactions, another common approach used for alkyne 
synthesis is the Fritsch-Buttenberg-Wiechell (FBW) method where a l,l-diaryl-2-
bromo-alkene rearranges to a 1,2-diaryl-alkyne by reaction with a strong base such as an 
• 99 
alkoxide.The reaction also works with alkyl substituents. 
The mechanistic pathway involves a metal-halogen exchange and the formation of 
an alkylidenecarbene/carbenoid which then undergoes a 1,2-shift of one of the 0-
substituents. 
Scheme 21. 
° X geminal elimination p. „ „ . . „ 
M 1 1,2-shift p — n ) = C - - K1 — K2 
R2 Y
 R ; 
Unsymmetrically substituted 1,3-butadiynes and 1,3,5-hexatriynes have been 
synthesized using FBW rearrangement (Scheme 22).23 Also a series of conjugated, 
triisopropylsilyl end-capped polyynes containing 2-10 acetylene units have been 
synthesized by FBW rearrangement (Scheme 23).24 
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Scheme 22. 
0 
*H 
u .-> 
R 
+ Li-
-R" 
Et20, -78°C 
« \ 
n i 
2 eq. PPh3, CBr4 
pi CH2CI2, r.t. 
PCC, Celite, molecular sieves 
CH2CI2, r.t. 
n-BuLi, -78 to-40°C ^ _ T \ 
-R" 
28-93 % 
Scheme 23. 
;-Pr3Si [ = 1 Si/-Pr3 (n = 2-10) 
B r ^ .Br 
/-Pn>Si 
1. LDA, Et20,-78°C 
^ 2. O 
H H^X 
Si/-Pr3 
Br^ ^Br 
/'-Pr3Si 
HO H 
Si/'-Pr3 
PCC, CH2CI2 
Br^ ^Br 
/-Pr3Si 
Si/-Pr3 1. CBr4, PPh3, CH2CI2 
2. n-BuLi, hexanes, CH2CI2 
f - P r 3 S i — ^ — ^ — ^ — ^ — = Si/-Pr3 
45% 
1.2.5 Sonogashira-Hagihara coupling 
Alkynes can also be synthesized by cross-coupling with trimethylsilyl-acetylene 
(TMSA) under Sonogashira-Hagihara conditions to give the TMS-protected alkynes. 
Ethynylazulenes have been synthesized using this methodology to give the trimethylsilyl-
protected ethynylazulenes in high yields (80-90%). These have then been deprotected of 
the trimethylsilyl groups into the corresponding alkynes by hydrolysis using KOH in 
methanol giving 90-100 % yields. 25 
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Scheme 24. 
TMS 
rr \ 0.04 mol% PdCI2(PPh3)2,0.08mol% Cul, NEt3 
1 or 2 eq. TMSA, r.t. 
TMS 
fi^f ~\ 0.04 mol% PdCI2(PPh3)2, 0.08mol% Cul, NEt3 
ff I W - R ^ // 
1 or 2 eq. TMSA, r.t. 
TMS 
1.1 eq. KOHinH20, MeOH 
R ~« " ^ R 
1.1 eq. KOHinH20, MeOH 
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II. Results and Discussion 
The methodologies currently employed to synthesize alkynes either use a strong 
lithium base (elimination reactions from haloalkenes) or involve a milder base but require 
prior synthesis of a diazo reagent (such as the Seyferth-Gilbert or the Ohira reagent). Our 
interest was focused on bringing about the elimination of the haloalkene using mild 
bases. 
2.1 Use of DBU as a reagent for elimination 
A recent study reported the use of microwave irradiation to allow the use of a 
milder base. Terminal alkynes were synthesized and enynes from 2,3-dibromoalkanoic 
acids in a one-pot reaction. The acids are first converted into the corresponding (Z)-l-
bromo-1-alkene using triethylamine as a base, which can then be converted to the alkyne 
using the base l,8-diazabicyclo-[5.4.0]undec-7-ene (DBU), with both steps requiring 0.5-
1.0 minute microwave irradiation. Anti-3-aryl-2,3-dibromopropanoic acids have been 
converted into terminal alkynes in excellent yields (88-99%) within 0.5-1 minute by 
microwave induction.26 
Scheme 25. 
Br 
Br 
COOH 
R = Ar 
Et3N/DMF 
MWI.Omin 
F T ^ 
Br 
DBU 
MWI.Omin 
Ar-
Pd catalyst 
MW2.0min 
R ^ 
88 - 99% 
52% 
Z/E>98/2 
Ar 
Figure 5. DBU 
a: 
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The protocol, however, does not allow the use of the same base for both steps. 
Triethylamine is required for the first step to generate the (Z)-l-bromo-l-alkene since it 
gives a better ZIE selectivity than DBU (only the (Z)-vinyl bromides can undergo an E2 
frvms-elimination). Subsequently, only DBU brings about the elimination of the (Z)-vinyl 
bromides 26 
Scheme 26. 
Br 
Br 
COOH Et,N/DMF R ^ 
Br 
DBU 
c DBU 
Br~> 
- * Ar-
88-99 % 
The reaction has been applied for the one-pot synthesis of enynes from anti-2,3-
dibromoalkanoic acids by irradiation of the mixture in the presence of ethynylbenzene, 
Pd(PPli3)4, Cul and Et3N to give the product in moderate yield. The reaction gives high 
yields with aromatic carboxylic acids but low yields are obtained with the corresponding 
aliphatic 2,3-dibromoalkanoic acids. 
2.2 Use of K2CO3 as a reagent for elimination 
Several /^-substituted propiolic acids have been synthesized via the corresponding 
esters using (ethoxycarbonyliodomethyl)triphenylphosphonium iodide and potassium 
carbonate. The phosphorane reagent is synthesized from commercially available 
(ethoxycarbonylmethyl)triphenylphosphonium bromide by iodination in methanol in the 
presence of potassium carbonate(Scheme 27).27 
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Scheme 27. 
CH30H/I2 
(CeHstaP.—^C02C2H5 
Br 0-5 °C 
RCHO 
60 °C 
r ' 1 
R v
^ ^ C 0 2 C 2 H 5 
+ 
- (C6H5)3Pvv-C02C2H5 
8 0 % 
K2C03 
1 r? — 
K2CO3/CH3OH 
^. 
60 °C 
H20/H+ 
CCi C 11 
(C6H5)3R^.C02C2H5 
L
 1 J 
» n — r n . H 
52-70 % 
2.3 Use of fluoride as a reagent for elimination 
There is a scarcity of reports on the use of fluoride ion in elimination reactions. 
They have been used in 1,2 eliminations leading to olefins. However, only two 
examples of its use in promoting elimination from halogenoethylenes to yield acetylenes 
have been reported. 
Tetrabutylammonium fluoride (TBAF.3H2O) in DMF has been used for 
dehydrobromination of various 2-bromo-l-alkenes to yield terminal alkynes in good 
yields (Scheme 28). Many functional groups, such as hydroxyl and acetal groups, 
tolerated the reaction conditions 29a 
Scheme 28. 
R 
Br TBAF.3H20 
DMF 
60 °C 
R-
70-95 % 
Dehydrohalogenation has also been achieved using tetraethylammonium fluoride 
in acetonitrile and potassium fluoride in DMSO. Only one substrate, p-
nitrophenylacetylene, has been synthesized from cw-P-bromo- and cis-$-ch\oro-p-
nitroalkenes.29b 
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Scheme 29. 
Et4N+F", CH3CN 
- OoN OM^^^ ~ r.t. 
X - CI Br 9 2 % (X=Br) 
A
 "
 U l b r
 97 % (X=CI) 
Research done by our group has found that tetrabutyl ammonium fluoride is 
capable of bringing about the trans-elimination of (Z)-iodoalkenes to yield the alkyne. 
This reaction was encountered during a standard alcohol deprotection with TBAF of a 
substrate that had a (Z)-iodoalkene moiety. 
Figure 6. Tetrabutylammonium fluoride 
Scheme 30. 
OTBS OH 
TBAF, cat. AcOH 
THF, reflux 
R 1 T^ w 
\ \ 
2 
Because of the lack of sufficient investigation on the use of the fluoride ion in 
eliminations, interest was focused on exploring the reaction in detail and investigating its 
scope and limitations. 
Several (Z)-iodoalkenes were synthesized from the corresponding aldehydes 
under standard Wittig conditions using the salt (iodomethyl)(triphenyl)phosphonium 
iodide (Ph3P+CH2H") and the base NaHMDS. The phosphonium salt Ph3P+CH2II" was 
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first prepared from triphenylphosphine and diiodomethane. It was then used to generate 
the ylide using NaHMDS as a base. The generated ylide subsequently attacks the 
aldehyde forming the betaine and then the oxaphosphatane intermediate, which then 
affords the olefin. 
Scheme 31. 
PPh3 
3 
CH2I2 
4 
toluene, rt 
15 h 
Ph3P+CH2l I-
5 
O 
6 
Ph3P+CH2l I', NaHMDS 
THF, 2.5 h 
Ph3P=0 + R, R -
Ph3P-0 M 
R1 R2 
R I 
7 
Scheme 32. 
/ \ + NaHMDS + 
PPh3 + r R, *- PhaPv^R, - P I^P^R. , — 
I" - Nal 
RAH 
R, O \ 
H~4__UR2) 
- * Ph,P=/ 
It is crucial to control the diastereoselectivity of the olefin since only the (Z)-
iodoalkenes react with the base to give the alkyne. Standard conditions for obtaining the 
cis olefin, which is the kinetic product, include using a non-stabilized phosphorus ylide 
(where Ri is an alkyl substituent). 
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Scheme 33. 
R I 
7 
TBAF, THF 
100°C, 15h 
Results show that the (Z)-iodoalkene was obtained exclusively in most cases, or 
as the major product (Table 1). Separation of the (Z)- from the (E)-iodoalkenes is 
challenging because of their very close Rf values, so in cases where there was a small 
amount of the trans- product the mixture was used as it is for the subsequent step. 
Table 1. Syntheis of (Z)-iodoalkenes 7 from aldehydes 6 
Ph3P+CH2l|-, NaHMDS .1 O 
THF, 2.5 h RHI + Ri 
Entry Yield [%] Z/E 
60% >98:2 
45% 90/10 
O^^H 
35% 
>99/l 
31% 87/13 
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e 
f 
g 
h 
i 
J 
k 
1 
OMe 
6, 
0 
0 
Me.NAy 
Me 
jO*" 
°YH 
F 3 C ^ ^ C F 3 
O1" 
1 
OMe 
M e C r ^ ' 
M e . K 1 A ^ 1 N ^ 
Me 
c , ^ ^ " 1 
F 3 C ^ ^ C F 3 
en 
i 
59% 
7 5 % 
60% 
44% 
4 1 % 
60% 
37% 
6 1 % 
>99/l 
80/20 
73/27 
>99/l 
85/15 
>99/l 
>99/l 
92/8 
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The synthesized (Z)-iodoalkenes were then allowed to react with TBAF (1M in 
THF) in dry THF at 100°C in pressure tubes overnight. After an aqueous work-up, the 
crude alkynes were purified by column chromatography on silica gel to isolate the pure 
alkynes in excellent yields. 
Of the iodoalkenes that were synthesized, the aromatic derivatives yielded the 
alkynes in excellent yields. Yields are better than reported yields of similar acetylenes 
prepared using «BuLi or LDA. 
Table 2. Synthesis of alkynes 8 from 7 
, . TBAF, THF 
d \ "" R—= 
R I 100°C, 15h 
7 8 
Entry 
a 
b 
c 
d 
e 
7 
B r ^ ^ ' 
N c A ^ ' 
K^K^ 
ccr 
0 2 N ^ ^ ' 
8 
Af 
cc ^ ^ 
j&* 
Yield [%] 
90% 
98% 
99% 
98% 
94% 
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f 
g 
h 
i 
J 
k 
1 
OMe 
6, 
M e C T " ^ ' 
N 
M e 
F 3 C ^ ^ C F 3 
cn 
1 
OMe 
M e c T - ^ 
JO* 
1 
jC 
F 3 C ^ ^ C F 3 
No reaction 
No reaction 
95% 
95% 
98% 
98% 
-
-
-
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Table 3. Comparison of yields of synthesized alkynes using the different protocols 
Alkyne 
cr* 
MecA^ 
cr^ <J^ 
rr^ 
BA^ 
Reagent 
TBAF 
(elimination from 
iodoalkene) 
95% 
98% 
90% 
BuLi 
(elimination from 
dihalide) 
82%31 
83 %33 
-
Seyferth-Gilbert / 
Ohira reagent 
(conversion from 
aldehydes) 
88%32 
60 %32 
79%34 
The aliphatic (Z)-iodoalkenes did not react; they decomposed during the course of 
the reaction. These results are as expected because of the more acidic proton in the 
aromatic iodoalkene derivatives. 
The NMR spectra of the reacted iodoalkene reaction products in cases where a 
Z/E mixture was used showed that only the (Z)-iodoalkenes react, which is what is typical 
of a trans E2-elimination pathway. Separation of the alkyne from the unreacted is-olefm 
proved to be quite difficult because of the close Rf values of both the components. It was 
accomplished using hexanes as solvent on gravity column chromatography. Also most of 
the alkynes are rather volatile, with some of them having boiling points as low as 160°C; 
this makes getting rid of trace solvent and moisture difficult as they would be lost if 
placed for a long enough period on the high vacuum pump. TBAF works only when used 
in an anhydrous form (1M in THF). The reaction did not work when the hydrated TBAF 
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solid or wet THF was used. Moisture apparently interferes with the pka of the TBAF, 
with its basicity being reduced considerably in the presence of water. 
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III. Conclusion and Future Goals 
In summary, it has been demonstrated that terminal alkynes can be synthesized 
from (2)-iodoalkenes using TBAF in excellent yields. The requisite (Z)-olefins in turn are 
easily accessible in high diastereoselectivity from the corresponding aldehydes though 
the Wittig. The scope of the reaction for various functionalized aromatic derivatives has 
been established. 
The main advantage of this elimination protocol is that it involves the use of a 
mild base which improves the tolerance of functional groups when compared to the harsh 
lithium bases required by other elimination-type reactions. The methodology also does 
not involve the use of any toxic reagents. Disadvantages include that it is a two-step 
process with currently low overall conversion yields (from the aldehyde to the alkyne) 
when compared to the Ohira protocol. 
Major future developments to improve the scope and appeal of the reaction 
methodology include: (i) modification of the reaction conditions to allow for the 
elimination of aliphatic iodoolefins to the corresponding alkynes; (ii) investigation of the 
reaction scope to include heterocyclic iodoolefins; (iii) evaluating alternate sources of 
fluoride. Optimization of the Wittig reaction to achieve higher yields is also amongst 
future goals. The ultimate aim would be to develop a robust one-pot methodology to 
convert aldehydes to alkynes without the necessity of isolating the intermediate (Z)-
iodoalkene (Scheme 34). 
Scheme 34. 
(i) Ph3P+CH2l|-, NaHMDS, -78°-rt 
O (ii)TBAF, THF, 100°C 
R A H " R — 
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IV. Experimental Procedures 
General 
THF was dried and distilled over sodium/benzophenone ketal. Toluene was dried and 
distilled over calcium hydride. All other reagents were used as received (Aldrich). Silica 
gel (60 A, 230-400 mesh) was obtained from Silicycle and used as received. All 
glassware was oven-dried overnight. All reactions were performed under an atmosphere 
of anhydrous nitrogen. Melting points are uncorrected and were measured on a Fisher-
Johns melting point apparatus. lH and 13C NMR were recorded at 300 or 500 MHz and 
75 or 125 MHz respectively on a Bruker Spectrospin 300 or 500 MHz spectrometer. 
Proton chemical shifts were internally referenced to the residual proton resonance in 
CDCb (5 7.26) or CD3OD (5 2.50 and 3.31 respectively) or CD2C12 (5 5.30) or C6D6 
(5 7.27). Carbon chemical shifts were internally referenced to the deuterated solvent 
signals in CDCb (5 77.00), or CD3OD (5 39.52 and 49.00 respectively) or CD2C12 
(5 53.52) or C6D6 (5 128.0). Infrared spectra were obtained on a Bruker VECTOR22 FT-
IR spectrometer. Mass spectrometry results are still pending. 
General procedure for synthesis of (Z)-iodoalkenes 
The (iodomethyl)(triphenyl)phosphonium iodide salt (Ph3P+CH2lF) was made as follows: 
To a suspension of triphenyl phosphine (60g, 1 equiv.) in toluene was added 
diiodomethane (ca. 24 mL, 1.3 equiv.). The reaction mixture was stirred at 45-50°C for 
15 h then the crystals collected, washed with toluene and dried in vacuo for 4h.35 
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To a suspension of (iodomethyl)(triphenyl)phosphonium iodide (8.0 mmol) in THF was 
added slowly NaHMDS (1M in THF, 8.0 mL). The mixture was allowed to stir at room 
temperature for 10 minutes. The dark red solution that formed was then cooled to -78°C 
and the aldehyde was slowly added. The mixture was allowed to warm up to room 
temperature and was left to stir for 2.5 h. The solvent was then removed in vacuo. The 
residue was titurated with hexane (3 x 30 mL), the combined organic extracts filtered 
through celite® then concentrated in vacuo. The residue was purified on silica gel by flash 
chromatography to afford the light-sensitive (Z)-iodoalkenes 7.35 
General procedure for synthesis of alkynes using TBAF 
CAUTION: The reaction described below generates pressure in the reaction vessel 
The reaction vessel should be placed behind a blast shield. 
To a solution of the (Z)-iodoalkene (0.3 mmol) in THF in an Ace® pressure tube was 
added TBAF (1M in THF, 0.9 mL). The tube was sealed and heated in an oil bath at 100 
°C overnight. The tube was then removed and allowed to cool to room temperature. It 
was then opened and the contents transferred to a round-bottom flask and the solvent 
removed in vacuo. The crude product was then dissolved in diethyl ether (20 mL) and 
washed with brine (2x20mL). It was then concentrated under reduced pressure and 
purified on silica gel by column chromatography. 
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V. Characterization Data 
l-bromo-4-((Z)-2-iodovinyI)benzene 
7a 
7a isolated as a clear pale yellow oil: lH NMR [CD3OD, 300 MHz] 8 7.50-7.49 (4H, m), 
7.33 (1H, d, J= 8.5 Hz), 6.75 (1H, d, J= 8.5 Hz); 13C NMR [CD3OD, 75 MHz] 5 143.66, 
137.47, 131.56, 129.91, 121.85, 79.9; IR (film) u 3424,2127, 1658, 1386,825, 
763, 629 cm-1; 
4-((Z)-2-iodovinyl)benzonitriIe 
7b 
7b isolated as a pale yellow solid: m.p. = 80-82°C; !H NMR [CDCI3, 300 MHz] 5 7.74-
7.56 (4H, m), 7.36 (1H, d, J= 9.0 Hz), 6.83 (1H, d, J - 9.0 Hz); 13C NMR [CDCI3, 75 
MHz] 5 143.46, 141.37, 137.29, 132.16, 132.13, 129.08, 83.38; IR (film) 3237, 3064, 
2360,2228,1959, 760, 549 cm"1; 
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l-((Z)-2-iodovinyl)-naphthaIene 
7c 
7c isolated as a clear pale yellow oil: JH NMR [CDC13, 300 MHz] 5 7.94-7.87 (3H, m), 
7.56 (1H, d, J= 8.5 Hz), 7.64 (1H, d, J= 7.0 Hz), 7.57-7.51 (3H, m), 6.92 (1H, d, J= 8.5 
Hz); 13CNMR [CDC13, 75 MHz] 5 138.34, 135.17, 133.59, 128.57, 126.38, 126.26, 
126.11,125.21,124.27,84.83; 
2-((Z)-2-iodovinyl)naphthalene 
7d 
7d isolated as a pale yellow solid: !H NMR [CDCI3, 300 MHz] 8 8.04 (1H, s), 7.80-7.70 
(3H, m), 7.69-7.68 (1H, m), 7.43-7.39 (3H, m), 6.58 (1H, d, J= 8.5 Hz); 13C NMR 
[CDCI3, 75 MHz] 8 145.18, 138.74, 134.35, 128.57, 128.36, 128.01, 127.84, 126.56, 
126.42,126.03,122.89, 79.75; 
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l-((Z)-2-iodovinyl)-4-nitrobenzene 
OoN 
7e 
7e isolated as a yellow solid: m.p. = 50-52°C; lH NMR [CDC13, 300 MHz] 5 8.25 (2H, d, 
J= 8.0 Hz), 7.77 (2H, d, J= 8.0 Hz), 7.41 (1H, d, J= 8.5 Hz), 6.88 (1H, d, J = 8.5 Hz); 
13CNMR [CDCI3, 75 MHz] 5 143.26, 137.0, 129.19, 124.21, 123.60, 84.08; 
l-((Z)-2-iodovinyl)-3-methoxybenzene 
OMe 
7f 
7f isolated as a clear pale yellow oil: !H NMR [CDCI3, 500 MHz] 6 7.39 (1H, tr, J= 
4.68), 7.26 (1H, s), 7.10 (1H, d, J= 7.5 Hz), 6.82 (1H, d, J= 8.5 Hz), 6.73 (1H, d, J= 8.5 
Hz), 6.13 (1H, d, J= 8.5 Hz); 13C NMR [CDCI3, 75 MHz] 8 159.46,138.58,133.79, 
128.65, 121.31, 114.49, 113.46, 79.66, 55.46; IR(film) 3059, 2955, 2833, 1596, 1575, 
1490, 1463, 1433, 684, 574 cm-1; 
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l-((Z)-2-iodovinyl)-4-methoxybenzene 
7g 
7g isolated as a clear yellow oil: 1H NMR [CDC13, 300 MHz] 8 7.57 (2H, d, J = 8.5 Hz), 
7.14 (1H, d, J = 8.5 Hz), 6.84 (2H, d, J = 7.0 Hz), 6.30 (1H, d, J = 8.5 Hz); 13C NMR 
[CDC13, 75 MHz] 5 161.23,138.19,134.38,134.12,130.45,129.37,114.08, 78.56, 
55.64; IR(film) o 3057, 3001, 2955, 2835, 1607, 1462, 1302, 1253, 1177, 950, 834, 744, 
696,621,527 cm"1; 
4-((Z)-2-iodovinyl)-N,N-dimethyIbenzenamine 
7h 
7h isolated as a yellow solid: m.p. 77-79°C; lH NMR [CD2C12, 500 MHz] 5 7.61 (2H, d, 
J = 9.0 Hz), 7.19 (1H, d, J= 7.0 Hz), 6.69 (2H, d, J= 7.0 Hz), 6.20 (1H, d, J= 8.5 Hz); 
13C NMR [CD2C12, 75 MHz] 5 150.66, 144.82, 137.94, 129.63, 124.12, 111.31, 72.90, 
40.03; 
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(Z)-l-chIoro-4-(2-iodovinyl)benzene 
7i 
7i isolated as a yellow solid: !H NMR [CDC13, 500 MHz] 8 7.54 (2H, d, J= 8.5 Hz), 7.32 
(2H, d, J= 8.5 Hz), 7.21 (1H, d, J= 8.5 Hz), 6.57 (1H, d, 8.5 Hz); 13C NMR [CDCI3, 75 
MHz] 8 143.55, 137.54, 129.89, 129.08, 127.37, 80.71. 
l,3-bis(trifluoromethyl)-5-((Z)-2-iodovinyl)benzene 
Isolated as a clear yellow oil: JH NMR [CDCI3, 300 MHz] 8 8.06 (2H, s), 7.87 (1H, s), 
7.40 (1H, d, J= 9.0 Hz), 6.9 (1H, d, J - 9.0 Hz); 13C NMR [CDCI3, 75 MHz] 8 138.86, 
136.18, 132.0 (q, J= 64.5 Hz), 128.50, 121.96, 84.40; IR (film) o 3068, 1619, 1376, 
1280, 1135, 898, 848, 759, 698, 682,528 cm"1; 
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((Z)-2-iodovinyl)cycIohexane 
on 
7k 
7j isolated as a clear colorless oil: *H NMR [CDC13, 500 MHz] 8 5.80 (1H, d, J= 7.0 
Hz), 5.62, (1H, tr, J= 7.5 Hz), 2.37-2.35 (1H, m), 1.64-1.60 (1H, m), 1.54-1.41 (4H, m), 
1.19-1.12 (1H, m), 1.02-1.88 (4H, m); 13C NMR [CDCI3, 75 MHz] 5 146.40, 79.63, 
43.73,32.12,25.84,25.63. 
(Z)-l-iodonon-l-ene 
71 
7k isolated as a colorless oil: *H NMR [CDC13, 300 MHz] 5 6.19-6.16 (2H, m), 2.17-2.11 
(2H, m), 1.46-1.39 (2H, m), 1.39-1.290 (8H, m), 0.92-0.87 (3H, m); 13C NMR [CDCI3, 
75 MHz] 5 141.22, 82.66, 34.91, 32.07, 29.44, 29.36, 28.28, 22.96, 14.45; IR (film) 
u 2925,2855, 1609, 946, 689 cm-1. 
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l-bromo-4-ethynylbenzene 
8a 
8a isolated as a yellow solid: !H NMR [CDC13, 300 MHz] 8 7.47 (2H, d, J = 8.4 Hz), 
7.35 (2H, d, J= 8.5 Hz), 3.12 (1H, s); 13C NMR [CDC13, 75 MHz] 5 133.51, 131.56, 
123.10,121.01,82.53,78.31; 
4-ethynylbenzonitrile 
8b 
8b isolated as a white solid: !H NMR [CDC13, 500 MHz] 5 7.61 (2H, d, J= 8.3 Hz), 7.56 
(2H, d, J = Hz), 3.30 (1H, s); 13C NMR [CDC13, 75 MHz] 5 132.71, 132.05, 127.04, 
118.25,112.40,81.90,81.57; 
38 
1 -ethy ny lnaphthalene 
8c isolated as a clear yellow oil: !H NMR [CDC13, 300 MHz] 8 8.37 (1H, d, J= 8.3 Hz), 
7.86 (2H, d,J= 8.2 Hz), 7.75 (1H, d, J= 7.0 Hz), 7.58 (1H, tr, . /= 7.2 Hz), 7.53 (1H, tr, 
J= 7.0 Hz), 7.43 (1H, tr, J= 7.7 Hz), 3.48 (1H, s); 13C NMR [CDCI3, 75 MHz] 8 133.60, 
133.18, 131.32, 129.36, 128.38, 127.03, 126.58, 126.14, 125.19, 119.86, 82.02, 81.84; 
2-ethynylnaphthalene 
8d 
8d isolated as a white solid: lH NMR [CDC13, 500 MHz] 6 8.03 (1H, s), 7.81-7.78 (3H, 
m), 7.53-7.49 (3H, m), 3.15 (1H, s); 13C NMR [CDCI3, 75 MHz] 8 133.11, 132.89, 
132.39, 128.63, 128.27, 128.11, 127.0, 126.7, 122.82,119.43, 84.08 (overlapped); 
39 
1 -ethy ny 1-4-nitrobenzene 
02N 
8e 
8e isolated as a yellow solid: !H NMR [CDC13, 300 MHz] 5 8.19 (2H, d, J= 8.8 Hz), 
7.64 (2H, d, . /= 8.8 Hz), 3.36 (1H, s); 13C NMR [CDCI3, 75 MHz] 5 147.55, 133.03, 
128.96,123.60,81.98,81.64; 
l-ethynyl-3-methoxybenzene 
8f isolated as a clear yellow oil: *H NMR [CDC13, 300 MHz] 8 7.46 (1H, d of d, J= 1.5 
Hz, 7.5 Hz), 7.34-7.29 (1H, tr of d, J = 1.7 Hz, 8.0 Hz), 6.93-6.87 (2H, m), 3.90 (3H, s), 
3.31 (1H, s); 13CNMR [CDCI3, 75 MHz] 5 160.52, 134.10, 130.22 (overlapped), 120.38, 
110.55,81.05,80.04,55.75; 
l-ethynyl-4-methoxybenzene 
MeO 
40 
8g 
8g isolated as a clear yellow oil: *H NMR [CDC13, 300 MHz] 5 7.44 (2H, d, J= 8.8 Hz), 
6.84 (2H, d, J= 8.8 Hz), 3.81 (3H, s), 3.00 (1H, s); 13C NMR [CDC13, 75 MHz] 5 159.91, 
133.56, 114.14, 113.91, 83.64, 75.75, 55.24; 
4-ethynyI-N,N-dimethylbenzenamine 
I 
8h 
8h isolated a white solid: !H NMR [C6D6, 300 MHz] 8 7.50 (2H, d, J = 8.87 Hz), 6.30 
(2H, d, J= 8.86 Hz), 2.86 (1H, s), 2.34 (6H, s); 13C NMR [C6D6, 75 MHz] 5 150.85, 
133.27, 111.82, 109.74, 84.96, 75.40, 39.31; 
l-chloro-4-ethynylbenzene 
8i 
41 
8i isolated as a white solid: *H NMR [CDC13, 500 MHz] 5 7.35 (2H, d, J= 8.4Hz), 7.23 
(2H, d, J= 8.7Hz), 3.05 (1H, s); 13C NMR [CDCI3, 75 MHz] 8 133.45, 129.0, 128.77, 
127.25, 82.61 (overlapped); 
l-ethynyI-3,5-bis(trifluoromethyl)benzene 
F3CT ^ X F 3 
8j 
8i isolated as a white solid: !H NMR [CDCI3, 300 MHz] 5 7.82 (2H, s), 7.75 (1H, s), 3.17 
(1H, s); 
(13C NMR could not be done because of isolation difficulty due to the low b.p (147-
148°C) of the compound) 
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